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ABSTRACT
The purpose of thia Investigation waa to determine tha affacta of 
differential percentages of reward on the verbal Interaction and member 
attractlveneaa of small dlacuaalon groups engaged In problem solving 
taaka. The reaearch attempted to extrapolate the effects of partial 
reinforcement found In Individual learning behavior of both lover 
animals and humans to a more complex behavioral level.
Sa were 150 Negro male delinquents between the ages of 14 and 16. 
Thirty discussion groups of five boys each were assembled. The basic 
acquisition-extinction experimental paradigm was modified for use with­
in the leaderless group discussion framework. Ten groups received a 
monetary reward for all five (100%) problems during the acquisition 
series, another 10 groups received U Q X reward, and a control group 
received no reward. Each of the three treatment groups received 
five extinction trials. Problems consisted of attempts to rank 
five major league baseball players according to their previous 
year's batting averages. Group decisions following discussion 
were rewarded according to the above schedule regardless of actual 
accuracy.
Attraction to the group was measured by a questionnaire adminis­
tered following the practice problem and a similar questionnaire 
following the last problem.
Three observer-recorded measures of the amount of verbal interaction
vii
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or participation ware uaad: frequency, tine apent talking, and time to
reach the group decision* No time limits were placed on Interaction.
The major hypothesis o£ the study predicted that partial reward 
would maintain a significantly higher level of verbal interaction during 
the post reward series than either fully or non-rewarded groups.
The hypothesis was not confirmed. Results indicated that reward 
schedule had no significant effect on any of the three Interaction 
measures during either the reward or post reward series. However, weak 
partial reward trends emerged during the last two trials; frequency and 
time spent talking were significantly higher for the partial than no 
reward groups and non-significantly higher than fully rewarded groups.
A subsidiary hypothesis predicted that post-teat group attraction 
would be greatest for the partial reward group.
The hypothesis was not confirmed. Analyses revealed that post-test 
group attraction was significantly higher for the full reward groups, 
followed by partial and no reward. However, no significant increment in 
attraction was found favoring the partial over the no reward groups. By 
content analysis It was inferred that post-test differences in attraction 
were rationalisations directed at lack of information on the part of 
other members and not at the task, experimenter, or member motivation.
The results suggest that group attraction is maximized when pre-test ex­
pectancy of success coincides with objective task success.
The study failed In its attempt to generalize the partial reinforce­
ment effect to group behavior, however, it did not decisively rule out 
its existence. Experience gained during the experiment suggested further 
Improvements in experimental design Including less restricted subjects, 
shorter problems, unlimited trials to extinction and controlled motivation.
INTRODUCTION
The purpose of this study was to determine the effects of differ* 
entiel percentages of reward on the verbal interaction and group 
attractiveness of small groups engaged in problem solving tasks. The re* 
search attempted to generalize the effects of partial reinforcement 
found in the individual learning behavior of both animals and humans to 
a more complex level of behavior. The hypotheses were designed to 
strengthen and broaden the scope of partial reinforcement as a principle 
of behavior and possibly offer practical benefits for "real life" groups.
Fart is 1 Reinf ore*"— "*- - Partial reinforcement has been defined as .... 
"reinforcement given once but omitted on one or more of the trials or 
after one or more of the responses in a series" (Jenkins & Stanley,
1950, p. 194). Systematic experimentation in this area began around 1933 
and reached a peak in the years 1939 and 1940} at least 30 experimental 
studies were reported during the 11 year period from 1939 to 1949 (Jenkins 
& Stanley, 1950). During this time the experimental paradigm has emerged 
as follows: Ss are conditioned to make some response during a series of
"acquisition" trials in which every response is rewarded (continuous or 
full reinforcement); or no responses are rewarded (control). In the 
partial reinforcement treatment many types and patterns of reward have 
been used. Ferster and Skinner (1957) set out four basic schedules:
Fixed Ratio, Variable*ratio, Fixed-interval and Variable*interval and 
many combinations of these basic schedules. The acquisition series is 
followed by an "extinction" series in which no responses are reinforced; 
the frequency, rate and duration of responses emitted during the extinction 
series are of primary interest to the investigator. It is during the
1
2extinction series that the effects of partial reinforcement are clearly 
evident. Skinner (1938) noted the basic characteristics of the partial­
ly reinforced extinction curve as compared to the continually reinforced:
The partially reinforced cumulative extinction curve (1) rises more slowly 
(2) reaches a higher asymptote (3) falls off more slowly and (A) lacks 
the cyclic fluctuation which are attributed to emotional effects in the 
continuous case. Many similar experiments have achieved the same results. 
Jenkins and Stanley (1930) reviewed the partial reinforcement literature 
and sunmarlaed the results of the many past experiments as follows: during
acquisition, response strength is built up more rapidly under 100% reward 
yet, in almost every experiment, large and significant response differences 
are found in extinction favoring the groups partially reinforced over those . 
continuously rewarded.
Most of the results described above were obtained in bar pressing 
and button pecking experiments using rats and pigeons. Humphreys (1939), 
however, obtained similar results with the verbal behavior of human Ss.
Using 2 lights mounted on a board, heIf the Ss were trained with the 
second light invariably following the first (100% reward) and the other 
Ss with the second light turned on in random alternation (50% reward).
The 100% group in the extinction trials quickly developed the hypothesis 
of uniform non-reinforcement while the 30% group showed a rise in expec­
tation and slow acceptance that there would be no more second lights.
Lewis and Duncan (1956) devised a gambling situation with humans 
closely analagous to the animal bar pressing situation. Using slot 
machines which "paid off" in various percentages, they found an Inverse 
relationship between percentage of reinforcement and the number of plays 
to quitting.
3llmrdi and Group Behavior. In the present study differential percentages 
of reward were used as the Independent variable, however, rewards were 
manipulated within a standardized, objective task used by Bass In his 
development of a theory of leadership and behavior In groups. Bass (1954) 
defines a group as one whose existence Is rewarding for its siembers.
Leaders emerge whose actions are successful or apparently successful in 
rewarding other members. The controller of rewards is a likely candidate 
for leadership. Leadership emerges and problems are solved within the 
matrix of verbal Interaction. Thus, it Is believed the experimental treat­
ments derived from Individual learning tasks are uniformly consistent with 
Bass' notions of group behavior on both theoretical and procedural levels.
Little work has been done within the leaderlesa group discussion (LGD) 
technique concerning the effects of differential rewards. However, Pryer 
(1957) found that knowledge of results given sorority girls significantly 
enhanced the accuracy of group decisions over controls given none.
Pennington and Haravey (1957) found that members Increased signifi­
cantly In agreement when both decision and discussion were permitted as 
against groups who were allowed neither. The results Indicate that changes 
in groups occur because of Interaction rather than Isolated problem solving.
Bryant, Dobbins, & Bass (1958) found that delinquents Increased in ac­
curacy of the group decision more so than matched non-delinquents. It Is 
believed that this effect was due in part to the increased Interaction 
caused by differential attractiveness of the reward (money) for the de­
linquent 8s.
Some study has been made, however, of the effects of reward on 
group behavior outside of the leaderlesa group framework. Spector (1953) 
organised a pseudo military hierarchy of 36 groups of four men each.
4Half the groups had a high objsctlvs probability of promotion; half did 
not. Within each group only half wars actually promotad. All those 
promoted showed higher morale but It was more marked for those with low 
Initial promotion probability. Conversely, morale was lowest for those 
not promoted but with high Initial probabilities of promotion.
Deutsch (1954) manipulated expectancy In 72 groups of three airmen 
each. Half the groups had a high (90%) probability of reward and half 
a low (10%) probability. Each half was subdivided Into two treatments 
such that one subdivision was told that It was capable and given an In­
itial experience of success. The other subdivision was informed of their 
lack of ability and given an Initial experience of failure. Each group 
was furnished false notes of enthusiasm or pessimism ostensibly from 
fellow members. Results indicated that members deaired to remain in 
groups when they had experienced success Initially and when they believed 
other members were enthusiastic. However, the objective probability was 
not significantly related to member attraction. Deutsch (1954) concluded 
that the experience of success and subjective expectances of success by 
members were more Important determinants of group attractiveness than 
objective probabilities.
Hypotheses. Other studies (See Cartwright & Zander, 1953) of group 
dynamics have Indicated that cooperative groups are more attractive and 
Interaction more frequent than In competitive groups. Furthermore,
Increases the attractiveness of the group for its 
members (Cartwright & Zander, 1953). Bass (1957) noted that groups also 
tend toward greater effectiveness by wesns of Interaction because in­
creased Interaction leads to an Increased likelihood of Information sharing 
and problem solution. These experimental results form the sub-hypothesis
5for the present study.
1. The major hypothesis Is as follows: since partial reinforce­
ment has been shown to maintain a high level of responding (bar pressing, 
pecking, gambling, etc.) in a variety of individual learning studies 
(Humphreys, 1939; Ferster & Skinner, 1957; Jenkins & Stanley, 1950;
Lewis & Duncan, 1956; Skinner, 1938) it is predicted that it will also 
maintain a significantly higher level of verbal interaction in group 
problem solving tasks during the "extinction" series than either continu­
ous reinforcement or non-reinforcement.
2. The minor hypothesis is as follows: with increased Interaction
resulting from the partial reinforcement effect, group attractiveness should 
be higher for the partially rewarded group at post-test (Cartwright &
Zander, 1953).
In devising the operations to test the tenability of these hypothe­
ses a procedural and theoretical difficulty was encountered. Stated as 
a question, the difficulty was, "What is being rewarded?". Actually, the 
answer is unknown. The analogy to individual learning studies ended at 
this point. In the group situation, it was not possible to reward a 
specific response as in a Skinner box. An attempt was made to establish 
a generalized set to interact; thus the product of the group interaction, 
not an Isolated motor response was rewarded. Consistent with the aims of 
the study, rewards were given according to the alleged worth of the group 
decision. The sequence of events was as follows: Private Initial indi­
vidual decisions . . .group discussion. . .group decision. • .private final 
individual decisions. . .reward. Here, once again, the analogy to the
typical learning experiment ended. Ideally, rewards would have been ad­
ministered insediately following the group decision. However, to do so
6would have seriously biased the private final Individual decisions.
The procedure for establishing an Interaction set Is discussed fully 
under "Instructions."
It was felt that the partial reinforcement effect would more 
likely emerge under the following conditions:
1. When problems were extremely difficult, thus forming an am­
biguous situation whereby members are forced to gamble and are unlikely 
to question the "correctness" of the group decision. This was neces­
sary because "correct" responses as defined by the reward schedule 
must be controlled by E.
2. Where the reward was meaningful, thus maintaining motivation 
at a high level. (This was done by choosing deprived jis and using a 
monetary reward.)
3. Where the £s were naive and unlikely to perceive that the 
manipulation of reward depended not on their actual performance but 
on a predetermined order. (This was accomplished by selecting young 
Ss with low IQs).
METHOD
Apparatus. The leaderless group discussion utilising the mark-sense 
method of response collection was used. This method Is described in 
detail elsewhere (Bass, Galer, Farese, & Flint, 1957). Responses arc 
marked directly on IBM mark sense cards with electrographic pencils. 
After each problem cards are inserted Into specially designated wooden 
boxes. Stop watches were used to record various time measurements. Two 
Negro observers, part time student assistants from Southern University, 
were used.
Design of the Experiment. Table I shows the experimental design. Three 
treatment groups were used, a 100% reward group, a 40% (Partial) reward 
group, and 0% reward group (control). Within each treatment group, ten 
five-men groups, 150 j>8 in all, were tested. Each five-man group was 
given one practice problem and 10 experimental problesis. Approximately 
one and one half hours were required to test each group. The first five 
trials comprised the reward or "acquisition" problems and the last five 
trials the post-reward or "extinction" problems. Within the partial 
reward group, the fifth problem was rewarded for every five-man group, 
the other rewarded problem was varied among the first four to decrease 
predictability.
Table 11 shows the sequence of presentation of problems within 
treatment groups and the order of Group testing. Problem presentation 
was randomized using a latln square design within each treatment group 
in order to counteract unequal difficulty levels of problems within 
trials and to discourage phase effects due to collusion between tested 
and nontested jSs in the institutional setting. As a further means of 
dealing with the phase problem, groups were tested in a non-predlctable
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
TABLE I
Experimental Design Showing Patterns of Reward
Full Reward Group (100%)
Reward ("Acquisition'*) Period® Post Reward ("Extinction")
I II III IV V VI VII VIII DC1 1
X X X X X 0 c 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
X X X X X 0 0 0 0
Partidll Reward Group (40%)
X 0 0 0 X 0 0 0 0
0 X 0 0 X 0 0 0 0
0 0 X 0 X 0 0 0 0
0 0 0 X X 0 0 0 0
0 0 0 X X 0 0 0 0
0 c X 0 X 0 0 0 0
0 X 0 0 X 0 0 0 0
X 0 0 0 X 0 0 0 0
0 X 0 0 X 0 0 0 0
0 0 X 0 X 0 0 0 0
No Reward Group (o%)
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
a X refers to a monetary reward of $0.25; ° refers to
the absence of a reward.
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TABLE II
Experimental Design Showing Sequence of Problem Presentation 
Within Treatment Groups and Order of Testing
Trial
Order of Group
Testing No. I II III
25 01. 10 9 7
21 02. 9 8 6
17 03. 8 7 5
14 04. 7 6 4
1 05. 5 5 3
26 06. 5 4 2
4 07. 4 1
30 08. 3 2 10
5 09. 2 1 9
10 10. .1 10 8
IV V VI VII VIII IX X
1 8 2 4 6 5 3
10 7 1 3 5 4 2
9 6 10 2 4 3 1
8 5 9 1 3 2 10
7 4 8 10 2 1 9
6 3 7 9 1 10 8
5 2 6 8 10 9 7
4 1 5 7 9 8 b
3 10 4 6 8 7 5
2 9 3 5 7 6 4
Partial Reward
29 11. 10 9 7 1 8 2 4 6 5 3
28 12. 9 8 6 10 7 1 3 5 4 2
19 13. 8 7 5 9 6 10 2 4 3 1
2 14. 7 6 4 8 5 9 1 3 2 10
16 15. 6 5 3 7 4 8 10 2 1 9
8 16. 5 4 2 6 3 7 9 1 10 8
9 17. 4 3 1 5 2 6 8 10 9 7
20 18. 3 2 10 4 1 5 7 9 8 6
12 19. 2 1 9 3 10 4 6 8 7 5
24 20. 1 10 8 2 9 3 5 7 6 4
No Reward
7 21. 10 9 7 1 8 2 4 6 5 3
27 22. 9 8 6 10 7 1 3 5 4 2
13 23. 8 7 5 9 6 10 2 4 3 1
18 24. 7 6 4 8 5 9 1 3 2 10
6 25. 6 5 3 7 4 8 10 2 1 9
15 26. 5 4 2 6 3 7 9 1 10 8
22 27. 4 3 1 5 2 6 8 10 9 7
3 28. 3 2 10 4 1 5 7 9 8 6
11 29. 2 1 9 3 10 4 6 8 7 5
23 30. 1 10 8 2 9 3 5 7 6 4
9
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order. Both ordor of teating and problem sequence wae derived from 
a table of random numbers (Edwards, 1953).
Subjects. Ss were 150 institutionalized Negro male delinquents batween 
the ages of 14 and 16 years. Testing was conducted in a conference room 
of the State Industrial School for Colored Youth located in Scotlandvllle, 
Louisiana. High extrinsic motivation was expected with the monetary re­
ward as deprivation is known to be great. jSs were matched as closely as 
possible on age. The mean ages and standard deviations in years for the 
Full, Partial and Control groups respectively were as follows: 15.65,0.83;
15.98,0.84; and 15.73,0.79. Otis Intelligence Quotients were available 
for each subject. Examination revealed that the great majority of scores 
ranged from only 65 to 80. Since variation in scores was extremely re­
stricted, only those S» with Intelligence Quotients below 65 were rejected 
as subjects. Extremely maladjusted and ,,lncorrlglbleM boys likely to dis­
rupt group relations were also eliminated from the sample.
Procedures. Group members were told that E was Interested in finding out 
how such they knew about big league baseball players. They were further 
instructed that the right solution to a problem was worth $0.25 to the 
group and that it was possible to earn $2.50 If the group got all 10 
problems right. The actual reward had no bearing on the solution reached. 
Thus, the full reward group (continuous reinforcement) was "right" on 
the first five trials, the partial reward group was "right" on two of the 
first five trials and the No reward group was "wrong" on all ten trials. 
When the Group was "right", I placed a stack of five nickels in full view 
on a table before the group and continued to the next problem.
Each group nsrnhsr was furnished a deck of IBM nark-sense cards on
11
which letters were printed corresponding to names of baseball players 
appearing on the problem cards. Before discussion the members were 
asked to rank the baseball players printed on the first card according 
to 1957 batting averages. After inserting the completed card In a box, 
they were asked to discuss the players and arrive at a group decision 
which was recorded by E. Members next recorded their final private 
rankings of the same players and proceeded to the next problem.
One variation not usually used in LGD studies, was introduced into 
these problems. Groups were instructed that they could have all the 
time they wished to solve the problems. This was done in order to re­
cord the duration of interaction, an important criterion variable.
T^ «*-in/»tiona. The following Instructions were read without variation to 
each group: "We've asked you fellows to come over because we are in­
terested in finding out how much fellows your age know about big league 
baseball. This game is just like a quiz show on TV, the more right an­
swers you get, the more money you will get. We'll show you cards with 
the names of five big league baseball players on them. We want you to 
look them over and decide which one had the highest batting average 
during last year's season, which one had the next highest average and so 
on. Each one of you will do this first without talking to anybody else. 
Then, you'll talk it over with the other four boys as a group until you 
can agree on what the group thinks the right answers are. Now, if the 
group answer is right, we will give the group 25 cents. We will have ten 
problems In all, so that means the group can win as much as $2.50 if you 
get the answers right. Remember, its the group answer that wins the 
money, not what you write down by yourself. After you give the group 
decision, we want you to write down again, by yourself, what you think the
12
right answers are. You may or may not agree with the group answers."
"Mow, before we start playing for money, let's have a practice 
problem just to make sure everybody understands."
E SHOWS SAMPLE PROBLEM CARD AND READ NAMES.
"Plrst, look at the names. Now, pick out the player you think had
the highest batting average. Look for the letter beside his name. If 
you think Mickey Mantle had the highest average, mark the 'one' next to 
the 'C' on the orange card. Then find the player with the next highest 
average. If you think Ted Williams was next, mark the 'two' next to the 
'A' and so on. Go ahead and make your choices."
E CHECKS EVERY CARD FOR MARKING.
"Put your orange card in the slot on the side of your box .... Now,
talk it over with the other boys, you might talk about which teams the 
players are on, which ones are home run hitters, etc. —  try to remember 
all you can about each player. I'll give you a tip, we've found that the 
groups which talk the problems over the most get more right answers and 
win the most money. You can take all the time you want reaching your decision."
E RECORDS THE GROUP DECISION.
"Now, on the green card, make your last choice of these players, with­
out talking to anyone else. You don't have to copy what you put down on 
the orange card or what the group said. Just put them down in the order 
you think they should go .... Now, put the green cards in the box."
E READS RIGHT ANSWERS. (Williams, Mantle, Muslal, Mays, Mlnoso.)
"Whan we gat into the real problems, I ’m not going to call out the 
right answers. If I put 25 cents down here on the table, you'll know your 
group answer was right. If I don't, that means you were wrong.
E GIVES OUT PRE-TEST QUESTIONNAIRE AND HELPS FILL THEM OUT.
"Now, let's go on to the first problem. Remember, the more you talk
13
it ffVir tfr* » »  likely you are to win the money. Five heads are Ixtttr 
then one."
1. E Fins UP FIRST PROBLEM CARD.
2. E TELLS GROUP TO FILL OUT ORANGE CARDS (initial private ranking), 
WITHOUT TALKING AND PLACE IN BOX.
3. E TELLS GROUP TO TALK IT OVER.
4. E RECORDS GROUP DECISION.
5. E TELLS GROUP TO FILL OUT GREEN CARDS (final private ranking).
6. E REWARDS OR DOES NOT REWARD ACCORDING TO PREDETERMINED SCHEDULE.
7. E NOW GOES BACK TO STEP liND REPEATS FOR EACH OF THE REMAINING 9 
PROBLEMS.
8. E ADMINISTERS POST-TEST QUESTIONNAIRE AND HELPS FILL THEN OUT.
Problem. Ten problem and one practice problem were devised. Each 
problem consisted of the names of five major league baseball players.
The actual rankings were determined by their 1957 batting averages. An 
attempt was made to choose well known players and within each problem, 
a wide range of batting averages. Furthermore, the range of batting 
averages was made roughly comparable among problem. The order of each 
player's appearance on the problem card was determined by a table of 
random numbers. Players and actual batting averages appear in Appendix A.
Questionnaire. A five-item pre- and post-test questionnaire was designed 
to measure attraction to the group. The item were as follows:
1. "Do you think you will like (did you like) working
with the other boys in this group?"
2. "Do you think most of the other boys will do (did) a
good job in answering the questions?"
14
3. "Would you like to play this game again?"
4. "If you play again, do you want to play with this
same group of boys?"
5* "Do you think the other boys want to win as much as 
you? (tried as hard to win as you did?)"
Response alternatives were simply "yes" and "no". A point scale was 
not used on the advice of the school psychologist that it would be extreme­
ly difficult to explain to the Sb at hand.
One additional item (item 6) was included on the pre-test question­
naires only:
6. "If the group gets all 10 problems right, it will win $2.50.
How many problems do you think your group will get right?"
Checks were allowed from 0 to 10. The purpose of the item was to 
check for possible phase effects due to changed expectancies of reward 
(as more and more groups were tested and returned to the institutional 
population).
Interaction Measures. Two observers were used to record the following 
measurements:
1. ?r«^u«ncy of Interaction. Of recorded the total number of 
times members talked on each trial. Since the study was designed to 
reward group rather than individual performance, no record was kept of 
individual performances. 0^ sat to the side of the groups and recorded 
responses by tally marks.
2. Decision Time. (>2 , using two stop watches, set one In opera­
tion when the group discussion began and stopped it when a group decision 
was reached. Thus, this measure includes time spent talking plus periods
15
o£ hesitation, silence and giggling.
3. Time spent talking. t>2 , with the second stop watch, recorded 
only the time members spent in actual conversation. Once again, the 
group was used as the basic unit of measurement, Ignoring individual 
variation within five-man groups. 0£ sat to the opposite side of the 
groups and recorded time on data sheets prepared by E.
RESULTS
Group Attraction. An item analysis was made of responses to pre and 
post test questionnaires by means of Chi-Square.
Table III shows percentages of ’’yes" responses for each of the 
three treatment groups before and after testing. Table IV showB Chi- 
squares for every possible comparison.
First, analyses were made to test the null hypothesis of no pre-test 
differences in attraction among treatment groups. No initial differences 
were found, all groups being uniformly high in pre-test attractiveness, 
and the hypothesis was accepted. These results were accepted as justi­
fication for analyzing post-test results without adjusting for initial 
differences among groups. Accordingly, a similar analysis was made of 
post-test distributions.
The post-test partial reward comparisons were of primary significance. 
Only two were significant: Attraction was significantly less for the
partial reward group on questions two and four when compared to the full 
reward group. Other significant comparisons revealed significantly less 
attraction for the no reward group on questions one, two and four when 
compared to the full reward group. No significant differences were found 
between the partial and no reward groups.
Inspection of Table III further reveals, for nearly every item, that 
post-test group attraction was directly proportional to the percentage of 
rewarded trials.
The majority of group members stated they would like to play the 
game again and indicated that the other boys tried as hard to win as 
they did. However, those members not fully rewarded Indicated to a
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TABLE III
Percentages of "Yes" Responses of Group Attraction 
Questionnaire Before and After Testing
'Do you think you will like (did you like) working with the other 
boys in this group?"
Pre-testa Post-test
Full Reward 88% 94%
Partial Reward 96% 86%
No Reward 96% 74%
'Do you think most of the other boys will do (did) a good job in 
answering the questions?"
Pre-test Post-test
Full Reward 88% 90%
Partial Reward 78% 66%
No Reward 84% 56%
"Would you like to play this game again?"
Pre-test Post-test
Full Reward 96% 96%
Partial Reward 96% 98%
No Reward 92% 94%
"If you play again, do you want to play with this same group of 
boys?"
Pre-test Post-test
Full Reward 64% 76%
Partial Reward 68% 56%
No Reward 7 0% 42%
"Do you think the other boys want to win as much as you (tried as 
hard to win, as you did)?"
Pre-test Post-test
Full Reward 94% 90%
Partial Reward 100% 96%
No Reward 100% 96%
a. N equals 50 for each treatment 
group when "No" responses are 
added.
TABLE IV
Chi-Square Analyses of Responses to Group Attraction 
Questionnaire Before and After Testing
Question
Number
1.
Groups Compared
Partial Reward vs. Full Reward 
Partial Reward vs. No Reward 
Full Reward vs. No Reward
Pre-test
5?
1.22
0.00
1 . 2 2
Post-test
X 2
1.00
1.56
6.03*
2. Partial Reward vs. Full Reward 1.13 7.05**
Partial Reward vs. No Reward 0.26 0.67
Full Reward vs. No Reward 0.83 12.99**
3. Partial Reward vs. Full Reward 0.00 0.00
Partial Reward vs. No Rewara 0.18 0.26
Full Reward vs. No Reward 0.18 0.00
4. Partial Reward vs. Full Reward 0.45 3.61*
Partial Reward vs. No Reward 0.00 1.44
Full Reward vs. No Reward 0.18 10.58**
5. Partial Reward vs. Full Reward 0.01 0.61
Partial Reward vs. No Reward 0.00 0.18
Full Reward vs. No Reward 0.01 0.00
** Significant beyond the 1% level of confidence 
* Significant beyond the 5% level of confidence
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significantly grsater extent they did not think the other boys did a 
good job in answering the questions, preferred not to play with the 
same group again, and did not like working with their groups. It is 
Inferred that a process of rationalisation occurred whereby experi­
mentally Induced failure caused dissatisfaction to be directed not at 
the motivation of other group members (question five) but at their abili­
ties or lack of information (question one, two and four). Furthermore, 
both the task itself and the Experimenter apparently were not the objects 
of hostility as indicated by the high affirmative post-test responses to 
question three. These conclusions appeared to be supported on an impres­
sionistic basis. There seemed to be much more bickering, ridicule, 
accusations, and general negative affect among the no reward and partial 
reward groups during the later trials.
It is concluded, therefore, that Hypothesis 2 which predicted 
greater post test group attraction for the partially rewarded group 
i: not supported by the data.
Phase Effects. Pre-test questionnaires (item no.6) were examined for 
phase effects. Mean pre-test expectancies of reward were computed for 
the first, second and third ten groups tested, ignoring types of treatment 
later given. Eleven response alternatives were avlalable ranging from 0 
to 11. The mean number of correct problems expected was 5.64, 5.74, and 
4.96 for phases one, two and three respectively. These data suggest that 
reward expectancies dropped for the last ten groups. However, simple 
analysis of variance of the three means resulted in a F ratio of 2.01, 
indicating differences were statistically unreliable. Therefore, it is 
concluded that significant phase effects did not emerge.
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It 1* interesting to note that although J3e had been lnatructed 
they could posalbly get 10 problems correct, mean expectancies were 
close to chance (5.0 correct responses) throughout the experiment.
Interaction Measures. Analyses of the three Interaction variables, 
frequency, duration, and time talking follow. The total measurements 
for five-men discussion groups were used as the unit of measurement in 
each case Ignoring variation within groups. Four types of analysis were 
made for each variable. First, repeated measurements analyses of vari­
ance were made of the first five trials (Reward series) separately.
(Edwards, 1953, p.289). This was followed by a similar analysis of the 
Last five trials (post-reward) series. The latter analysis was of primary 
Interest since It Is during the post reward series that the partial reward 
effect was expected to emerge. Third, measures were pooled for trials one 
to five inclusive and six to ten Inclusive and similar repeated measure- 
mant analyses were made. The purpose of the third analysis was to test for 
possible Interactions between the two series and types of reward. Fourth, 
If trends were suggested during the latter trials of the post-reward 
series, "t" tests between the treatment groups were made of pooled trials 
nine and ten only (Lindquist, 1953, p.93).
Tr*tYfformation of the Data. Frequency distributions were first drawn 
and Inspected for all three measures. All distributions revealed the 
seme characteristics, heavy positive skew and correlation between means 
and standard deviations. For example, the Pearson correlation between 
means and standard deviation for the time talking measure over trials 
was .774 (NS30). Time measures were first subjected to a reciprocal 
transformation as suggested by Edwards (1953, p.203). This transformation
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succeeded In reducing the correlation between means and standard devi- 
atIons but seriously Increased positive skew. Accordingly, a logarithmic 
transformation was next attempted. The transformation resulted in fairly 
symmetrical distributions and eliminated the correlation. For Instance, 
the correlation between means and standard deviations of the time talked 
measure was reduced from .774 to .013 by the latter transformation.
Frequency. Table V shows means, variance and standard deviations of 
logged interaction frequency measures by trial and treatment group. The 
are plotted In Figure 1. (For raw data means, see Appendix J3). 
Several trends are apparent. All curves showed deceleration by the 
second trial; this trend continued but smoothed out by the fifth trial. 
Cyclical effects were evident franthe fifth and ninth trials of the 
partial reward group. On the last post-reward trials the mean Inter­
action frequency was greatest for the partial reward group followed by 
the full and no reward groups.
Analysis of the variance (See Appendix C) of the treatment group 
for the first five periods yielded an Insignificant F ratio as­
sociated with percentage of reward. But an overall F of 5.63, signifi­
cant beyond the IX level, was found among period means, which exhibited 
swift initial deceleration for all three groups.
Analysis of the means during the post-reward trials similarly re­
vealed no significant differences among treatment groups. However, 
period means also showed no significant differences, reflecting the 
"levellng-off" of Interaction during the post-reward period.
Analysis of the combined reward and post-reward series means resulted 
In no significant differences due to differential rewards, but a highly 
significant difference between the two series, accounted for by the over­
all greater frequency of interaction during the reward compared to the
TABLE V
Means, Variances, and Standard Deviations of Log Interaction Frequency Measures
Reward Series
Period
Post Reward Series Total Total
I II III rv V VI VII VIII IX X I-V VI-X
Full Reward Groups 
Mean 1.3462 1.2721 1.2388 1.1366 1.1274 1.1001 1.1167 1.0916 1.1047 1.0222 1.9464 1.8088
Variance .0107 .0520 .1839 .0225 .0373 .0331 .0347 .0313 .0383 .0366 .0142 .0159
Standard
Deviation .1034 .2280 .3288 .1500 .1931 .1819 .1819 .1769 .1957 .1913 .1192 .1261
Partial Reward Groups 
Mean 1.2419 1.1375 1.1393 1.1151 1.2345 1.0669 1.0674 1.1109 1.2078 1.1160 1.9068 1.8376
Variance .0509 .0249 .0765 .0157 .0131 .0442 .0130 .0317 .0321 .0239 .0102 .0102
Standard
Deviation .2256 .1578 .2766 .1253 .1145 .2102 .1140 .1780 .1792 .1546 .1010 .1010
No Reward Groups 
Mean 1.2753 1.1402 1.1052 1.0740 .9947 1.0202 1.0502 1.0493 .9725 1.0065 1.8468 1.7429
Variance .0379 .0328 .0637 .0483 .0509 .0302 .0583 .0517 .0486 .0198 .0244 .0194
Standard
Deviation .1947 .1811 .2524 .2198 .2256 .1738 .2415 .2274 .2205 .1407 .1562 .1393
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post-reward series.
Next, "t" tests were computed between all successive pairs of 
means on combined trials IX and X. The error term used was the mean 
square between groups receiving the same treatment found in the analy­
sis of variance of the post reward trials. (Lindquist, 1953, p.93).
Only one comparison proved significant; the mean of the last two periods 
of the partial reward group was significantly higher than that of the 
no reward group.
Decision Time. Table VI shows means, variances and standard deviations 
of logged decision time measures. (Raw score data appear in Appendix D). 
The means are shown graphically in Figure 2. The basic trends are similar 
to the frequency curves. All groups began "extinguishing" during the 
reward series and leveled off during the post-reward trials. Also the 
maan decision times for the no reward group fell off more sharply during 
the latter trials of the post reward series than those of the reward 
groups.
Appropriate analyses of variance (Appendix E) and "t" tests revealed 
no significant differences among the independent means during either 
series separately, both combined, or during the last two trials. Highly 
significant differences were found due to period during the rewarded 
periods, once again, accounted for by the rapid deceleration during the 
earlier periods.
Time Talking. Table Vll shows means, variances and standard deviations 
of the logged time talking measures. (Raw data appeared in Appendix E). 
Fig. 3 shows trends in means graphically. Trend/s similar to those 
previously described are evident.
TABLE VI
Means, Variances, and Standard Deviations of Log Decision Time Measures (Seconds)
Period
Reward Series Post Reward Series Total Total
I II III IV V VI VII VIII IX X I-V VI-X
Pull Reward Groups
Mean 2.0545 1.9678 1.9161 1.8075 1.8060 1.7684 1.8012 1.7827 1.7878 1.6689 2.6353 2.4789
Variance .0366 .0446 .0231 .0220 .0265 .0695 .0235 .0481 .0319 .0404 .0168 .0297
Standard
Deviation .1913 .2112 .1520 .1483 .1628 .2636 .1533 .2193 .1786 .2010 .1296 .1723
Partial Reward Groups
Mean 2.0208 1.9341 1.8289 1.8107 1.8583 1.6454 1.7049 1.7387 1.8307 1.6874 2.6261 2.4511
Variance .0314 .0298 .0850 .0222 .0253
Standard
Deviation .1772 .1726 .2915 .1490 .1591
.0569 .0357 .0399 .0485 .0142 
.2385 .1889 .1997 .2202 .1192
.0100 .0154
.1000 .1241
No Reward Groups 
Mean 
Variance 
Standard 
Deviation
1.9969 1.9232 
.0625 .0450
.2500 .2121
1.8336 1.7974 
.0683 .0542
.2613 .2328
1.6545 1.7780
.0452 .0266
.2126 .1631
1.7458 1.7323
.0450 .0565
.2121 .2377
1.5987 1.5807 
.0499 .0895
.2234 .2992
2.5775 2.4158 
.0359 ,0290
.1895 .1703
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TABLE VII
Means, Variances, and Standard Deviations of Log Time Talking Measures (Seconds)
Period
Reward Series Post Reward Series Total Total
I II III IV V VI VII VIII IX X I-V VI-X
Full Reward Groups
Mean 1.8731 1.8299 1.7670 1.7335 1.6555 1.6490 1.6620 1.6098 1.6123 1.5857 2.5046 2.3520
Variance .0636 .0342 .0186 .0172 .0212 .0708 .0326 .0509 .0407 .0348 .0089 .0208
Standard
Deviation .2522 .1849 .1364 .1315 .1456 .2661 .1806 .2256 .2017 .1865 .0943 .1442
Partial Seward Groups
Mean 1.8444 1.7901 1.7145 1.7C78 1.7706 1.5598 1.5956 1.6356 1.6878 1.5584 2.5055 2.3346
Variance .0636 .0166 .0887 .0218 .0418 .0558 .0348 .0251 .0371 .0191 .0095 .0114
Standard
Deviation .2522 .1288 .2978 .1476 .2045 .2362 .1865 .1584 .1926 .1382 .0975 .1068
No Reward Groups 
Mean 
Variance 
Standard 
Deviation
1.8753 1.7859 
.0695 .0547
.2636 .2339
1.7127 1.6941 
.0597 .0422
.2443 .2054
1.5560 1.6428
.0475 .0359
.2179 .1895
1.5920 1.5521 
.0471 .0462
.2170 .2149
1.4731 1.4271 
.0455 .0614
.2131 .2478
2.4524 2.2635 
.0425 .0280
.2062 .1673
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Analysts of variance and "t" Casts ara shown In appendix G.
Analysis of treatment group means revealed no significant difference 
during the reward and post-reward periods or for the combined series. 
However, successive "t" tests between the three means revealed that 
mean time spent talking was significantly higher for the partial reward 
group than the no reward group during the last two post-reward trials. 
However, there was no significant difference between the full and partial 
reward group or between the full and no reward groups on similar analyses.
As in previous analyses, highly significant differences among period means 
during the reward series were found.
Table VIII susnarlzes the results of analyses of variance and "t" 
testa for the three interaction variables. Column one summarizes the 
effects of the experimental treatments on the various indices of inter­
action. No reliable differences among means were found during the rewarded, 
non-rswarded, or combined series. While differences were evident, they 
were offset by the extreme variability between discussion groups subjected 
to identical treatments. However, definite trends were suggested during 
the ninth and tenth trials. For every variable, the no reward group means 
apparently began a more rapid extinction. Furthermore, the partial reward 
group means began to exceed those for the other two groups. In other words, 
the beginnings of the hypothesized "partial reinforcement" effect were 
suggested. The growing divergence of means was used as justification to 
compute "t" tests between pairs of means for trials IX and X combined.
Two significant differences were found, both between the partial and no 
reward groups and both between the one and five percent confidence levels. 
However, even here, the partial reward treatment failed to maintain inter­
action at a significantly higher level than the full reward treatment.
TABLE VIII
Sunmary of Analyses of Variance and Tests for Log Interaction Measures
Source of Variance
Variables
Re-ward Series: (F-ratios) 
Frequency 
Decision time 
Time talking
Post Reward Series: 
Frequency 
Decision time 
Time Talking
Combined Series:
Frequency 
Decision time 
Time talking
Trials IX and X only: 
Frequency 
Decision time 
Time talking
(t-tests)
Percentage 
of Reward
1.47
1.33
1.63
PR vs NR**
Periods or 
Combined Periods
5.63*
10.95*
5.34*
Interactions: 
Reward x Period
1.36
2. 30
1.39
18.73*
41.79*
29.63*
1.95
1.13
PR vs NR**
N/A
N/A
N/A
N/A
N/A
N/A
* Significant beyond the 1% level of confidence
** Significant beyond the 5% level of confidence with 
partial reward means higher in each case
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The second column of Table VIII summarizes F-ratios due to dif­
ferences In speed and relative frequency of Interaction over trials.
In general, groups "extinguished" much more rapidly during the 
"acquisition" series than during the "extinction" series. In fact, no 
significant differences were found in overall response level during 
the post reward series. This phenomenon was enhanced when the two 
series were combined and analyzed together.
The third column of Table VIII sunmarlzes the interactions due to 
correlation between percentages of reward and period. No significant 
interactions were found. Had the partial reinforcement effect emerged 
strongly, a highly significant interaction would have been found In the 
analyses of the combined series.
In swmary, It is concluded that the data failed to support the 
major hypothesis of the study. Trends suggested that the expected effects 
were beginning to emerge during the last two trials. However, the partial 
reinforcement treatment consistently failed to prove its superiority to 
the full reward treatment In enhancing extinction response level during 
the trials permitted..
DISCUSSION AND SUMMARY uF RESULTS
Below is a recapitulation of each hypothesis, a summary of the 
results, and some speculative remarks as to experimental outcomes.
Attraction. The Second Hypothesis stated: With increased inter­
action resulting from the partial reinforcement, group attractiveness 
should be highest for the partially rewarded group at post-test.
The major premise of this hypothesis rested upon the outcome of 
the main hypothesis which stated that interaction would be increased 
by partial reinforcement. Such was not the case. However, it was 
possible for the hypothesis to be independently confirmed. Ferster 
and Skinner (1957] point out that intermittent reinforcement is a 
more •'realistic* state of affairs than either full or no reinforcement. 
Successful human effort is seldom rewarded at each occurrence, and 
rarely is it always unrewarded. Therefore, it seemed reasonable to 
assume that the "lifelike* situation would result in greater task 
satisfaction and resultant attraction to other members. Analysis of 
questionnaire responses, however, revealed the following:
1. Pre-test attraction to the group was very high initially. 
Furthermore, it was uniformly high for all three treatment groups.
2. Where significant differences occurred in post-test attrac­
tiveness, they were proportional to the percentage of reward. That is, 
post-test attraction was greatest for the full reward group, followed
32
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by the partial and no reward groups respectively. Furthermore, in 
spite of suggested trends, the groups given partial rewards were no 
more attracted to the group after testing than these not rewarded at 
all. The major difference in attractiveness was found between the 
fully rewarded group and the remaining two.
3. Item analysis suggested that post-test decreases in attrac­
tiveness were rationalized by members to lack of information or ability 
on the part of other group members and not to the task, experimenter, 
or member motivation.
The results can possibly be explained on the simplest level, 
that is, group attractiveness is a simple positive function of the 
amount of reward. However, another possibility exists; the expectancy 
phenomenon described earlier by Deutsch (1954). It will be recalled 
that pre-test reward expectancies averaged 5 problems for all groups. 
This is the exact amount actually "correct" for the fully rewarded 
group. However, the partial and non-rewarded groups also had pre­
test expectancies of five correct problems but actually "won* only 
two and none respectively. Thus, it may be that group attraction is 
maximized when expectancy coincides with actual performance. Schneirla 
(1953) appears to agree when stating that expectancies of drive reduc­
tion through group effort may be considered as secondarily reinforced 
habits subject to generalization and various other habit strengthening 
effects as postulated within the Hullian-Spence theoretical framework. 
Thus, if group needs are reduced according to expectations, a more 
satisfying state of affairs may be presumed to exist.
Interaction. The major hypothesis stated; Since partial rein­
forcement has been shown to maintain a high level of responding in a
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variety of individual learning studies, it is predicted that it will 
also maintain a significantly higher level of verbal interaction in 
group problem solving tasks during the "extinction*' series than either 
continuous reinforcement or non-reinforcement.
The results of the data are summarized as follows:
1. Reward or lack of reward had no significant effects on inter­
action during either the reward or post reward periods. Interaction 
in all groups decreased rapidly and significantly during the reward 
series but leveled off during the post reward series.
2. Weak partial reinforcement effects appeared during the last 
two "extinction" trials. Both the frequency of interaction and the 
amount of time spent talking was significantly higher for the 
partially rewarded than the non-rewarded groups. However, partial 
reward interaction was not reliably higher than that of full rewarded 
groups.
3. Interaction was more variable for the partially rewarded 
groups during the post-reward series.
Once again, the simplest explanation of these results is that 
partial reinforcement is a principle of individual learning behavior 
which does not carry over into group behavior. However, as in every 
experiment, it is quite possible that the design was faulty. From the 
vantage point of hindsight, many possible explanations arise which 
suggest further investigation.
First, pre-test attraction or motivation was remarkably high, 
possibly too high. Average motivation level was possibly so high that 
it offset the potency of differential rewards. There may be a complex
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relationship between degree of interaction and attraction such as Bass
(1958) found between motivation and leadership behavior. The possi­
bility bears investigation.
Second, it is entirely possible that not enough "trials to 
extinction" were allowed. Indeed, the partial reinforcement effect 
apparently began to emerge on the ninth and tenth trials. It may have 
become marked and strongly significant if groups had been allowed to 
play until they voluntarily quit. When tasks are difficult and group 
members are forced to guess, there may be a tendency to attempt more 
tasks but spend less time on any given task.^ furthermore, even though
an attempt was made to establish an interaction "set", the actual degree 
of interaction had no bearing on the attainment of the reward. Thus, 
groups were not necessarily rewarded when they interacted for a long 
period nor were they necessarily penalized when they failed to do so.
Third, unknown socio-cultural variables associated with the use of 
deviant, minority group Ss may have caused atypical results.
Fourth, criterion measures may not have been sufficiently sensitive 
to measure the "true" treatment effects.
Capitalizing on the experience gained by this research, the author 
would suggest the following design for further investigation of the 
group partial reward effect,
1. Normal subjects of average intelligence would be used.
2. Subjects would be told they are participating in an experiment 
to test "group extra-sensory-peroeption".
3. Simple guessing games requiring little time for completion 
would be used, e.g., guessing the right "card" from a deck, some
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variation of the old "shell" game, having a paid participant "concen­
trate" on numbers from, say, one to 10, etc.
4. Divide Ss into two groups, if possible, based on pre-test 
attraction; a "high" group and a "low" group.
5. Using 10 "acquisition" trials, with full reward, 50% reward, 
and no reward groups. Rewards would be monetary, special privilege, 
or verbal, depending on their meaningfulness to Ss at hand.
6. Two criterion variables only would be measured: trial by trial 
member expectancies of reward (subjective) and number of plays to 
extinction (objectivej. Groups would be allowed to play indefinitely, 
a majority vote being the deciding factor in when to quit.
7. The design would be as follows:
Acquisition Extinction
I II III IV V VI VII VIII IX X X I ..... n
High 100% X X X X X X X X X X o
Attraction 50% X o X o X o X o o X o
0% o o o o o o o o o o 0
Low 100% X X X X X X X X X X o
Attraction 50% X 0 X o X o X o o X o
0% o o o o o o o o o o o
8. Main effects of percentage reward, group attractiveness and their 
interactions would be examined.
It is concluded that the research failed to demonstrate the exist­
ence of the partial reinforcement effect as a principle of group
37
behavior. However, certain trends suggested that further investiga­
tion under different experimental conditions might facilitate its 
emergence.
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FOOTNOTE
 ^ Dr. Donald J, Lewis, in an informal communication, foresaw the 
possibility that the *lo3ing-poker-player-effeet* might preclude 
greater interaction on the part of partial reward groups. He reasoned 
that Ss winning only part of the time might possibly play more ''hands* 
but spend less time at each. Had this effect been strongly present, 
however, one would have expected significantly less interaction for 
the partial reward groups, which did not occur. Whether the partial 
reward groups would have attempted more problems is a distinct possi­
bility but must await another study.
APPENDICES
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APPENDIX A
Experimental Problems Showing True Ranks and Randomized Order
PRACTICE PROBLEM PROBLEM 5
Order On Card Order On Card
A Ted Williams .388* C Gil Hodges .299
C Mickey Mantle .365 D Larry Doby .288
D Stan Musial .351 B Sandy Amoros .277
E Willie Mays .333 E Enos Slaughter .254
B Minnie Minoso .310 A Del Rice .229
PROBLEM 1 PROBLEM 6
A Dee Fondy .313 D Carl Furillo .306
D Gil McDougald .289 A Del Ennis .296
C Roy McMillan .272 E Ken Boyer .265
E Billy Martin .231 C Eddie Yost .251
B James Busby .238 B Granny Hamner .227
PROBLEM 2 PROBLEM 7
D Tony Kubek .297 C Al Kaline .295
E Vic Wertz .282 B John Covington .284
B Harvey Kuenn .277 E Andy Pafko .277
C Yogi Berra .251 A Walt Dropo .256
A Darrell Johnson .217 D Puddinhead Jones .218
PROBLEM 3 PROBLEM 8
E Dick Groat .315 C Nellie Fox .317
B Ray Jablonski .289 E Joe Adcock .287
C Johnny Logan .273 B Bill Bruton .278
D Roy Campanella .242 A Hank Bauer .259
A Pee Wee Reese .224 D Gus Zemial .236
PROBLEM 4 PROBLEM 9
C Roy Sievers .301 D Alvin Dark .290
B Staoky Burgess .283 E James Lemon .284
E Duke Snider .274 C Ted Kluzewski .268
D Del Crandall .253 B Elston Howard .253
A Fred Hatfield .202 A James Hegen .216
PROBLEM 10
E Moose Skowron .304
* Source: Who's Who in Baseball C Jackie Jensen .281
1958 edited by Allan 'Roth. Base- B Jim Piersall .261
ball Magazine Company , New York; A Frank House .259
1958. D Randy Jackson .198
42
APPENDIX B
Means, Variances, and Standard Deviation of Interaction Frequency Measures
Period
Reward Series Post Reward Series_____  Total
I-VI II III IV V VI VII VIII IX X
Full Seward Groups 
Mean 22.8 21.5 18.2 14.6 14.6 13.8 14.3 13.4 14.2 11.6
Variance 26.36 140.45 32.96 31.04 28.04 4G.16 35.41 29.04 55.76 26.44
Standard
Deviation 5.13 11.85 5.74 5.57 5.30 5.34 5.95 5.39 7.47 5.14
Partial Reward 
Mean
Groups
20.0 14.7 16.9 13.6 17.7 13.1 12.1 14.0 17.6 13.9
Variance 112.80 32.61 116.29 16.44 15.81 39.89 11.09 30.00 57.64 23.89
Standard
Deviation 10.62 5.71 10.78 4.05 3.98 6.32 3.33 5.48 7.59 4.89
No Reward Groups
Mean 20.5 15.0 14.5 13.3 11.3 11.3 12.6 12.7 10.6 10.7
Variance 55.45 33.60 35.45 34.81 36.81 17.61 36.16 36.41 25.04 12.01
Standard
Deviation 7.45 5.80 5.95 5.90 6.07 4.20 6.01 6.03 5.00 3.47
91.7
602.81
24.55
82.9
19.15
74.6
564.44
23.76
Total
VT-X
67.3
443.81
21.07
70.7
271.81
16.49
56.1
314.49
17.73
APPENDIX C
Analyses of Variance and "t" tests among the Logged Means
of the Interaction Frequency measures
First Five Trials
Source 
% Reward
Between Groups in Same Treatment 
Total Between Groups
Reward Periods 
Periods Reward 
Pooled Groups x Periods 
Total Within Groups
Mean
df Square F
2 .1415 1.47
27 .0963
29
4 .1538 5.63*
8 .0372 1.36
108 .0273
120
Last Five Trials
%  Reward
Between Groups in Same Treatment 
Total Between Groups
2
27
29
.1175
.0884
1.33
Post Reward Periods 
Periods Reward 
Pooled Groups x Periods 
Total Within Groups
108
120
.0102
.0186
.0271
Trials I-V and VI-X Combined
%  Reward
Between Groups in Same Treatment 
Total Between Groups
Reward vs. Post Series 
Series x% Reward 
Pooled Groups x Series
Total Within Groups
2 .0429 1.63
27 .0263
29
1 .1611 18.73*
2 .0058 -----
27 .0086
30
Trials IX and X  Combined
Difference**
Partial vs. Full Reward .1969
Partial vs. No Reward .3448**
Full vs. No Reward .1479
* Significant beyond the 1% level
** Significant beyond the 5% level (mean difference of .3684 
and .2728 required for significance at the one and 5% 
levels respectively)
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APPENDIX D
Means, Variances, and Standard Deviations of Decision Time Measures (Seconds)
Period
Reward Series Post Reward Series Tcta_l Total
I II III IV V VI VII VIII IX X I-V VI-X
Full Reward Groups
Mean 123.2 105.2 88,1 68.1 67.6 71.6 67.5 68.3 67.1 51.9 452.2 226.4
Variance 1919.76 3210.86 2874.09 569.49 662.24 2478.84 659.25 975.41 919.69 572.29 2C568.36 17644.84
Standard
Deviation 43.82 56.66 53.61 23.86 25.73 49.79 25.68 31.23 30.33 23.92 143.42 132.83
Partial Reward Groups
Mean 113.7 93.0 82.4 68.3 76.6 51.4 55.4 60.4 76.2 50.4 434.0 293.8
Variance 2011.61 1412.40 2288.44 443.61 573.24 821.24 486.44 650.84 1225.56 151.04 9624.60 6077.36
Standard
Deviation 44.85 37.58 47.84 21.06 23.94 28.66 22.05 25.51 35.01 12.29 98.11 77.96
No Reward Groups
Mean 113.5 92.7 77.8 70.6 51.4 64.4 62.0 61.2 45.1 47.0 406.0 279.7
Variance 2302.05 1219.81 952.16 836.84 916.64 606.64 697.80 774.56 475.09 790.80 13584.20 9806.61
Standard
Deviation 47.98 34.93 30.86 28.93 30.28 24.63 26.42 27.83 21.80 28.12 116.56 99.03
APPENDIX E
Analyses of Variance and "t* Tests Among the Logged Means
of the Decision Time Measures (Seconds)
First Five Trials
Source 
% Reward
Between Groups in Same Treatment 
Total Between Groups
Reward Periods 
Periods yf% Reward 
Pooled Groups x Periods 
Total Within Groups
df
2
27
29
] 08 
120
Mean
Square
. 0636 
.1152
.3153
.0217
.0288
10.95*
Last Five Trials
% Reward
Between Groups in Same Treatment 
Total Between Groups
Post Reward Periods 
Periods X% Reward 
Pooled Groups x Perioas 
Total Within Groups
2 .0699 -----
27 .1476
29
4 .0590 2.30
8 .0501 1.95
108 .0257
120
Trials I-V and VI-X Combined
% Reward
Between Groups in Same Treatment 
Total Between Groups
Reward vs. Post Series 
Series x% Reward 
Pooled Groups x Series 
Total Within Groups
2 .0192 -----
27 .0410
29
1 ,4054 41.79*
2 .0004 -----
27 .0097
30
Trials IX and X  Combined
Difference**
Partial vs. Full Reward .0614
Partial vs. No. Reward .3386
Full vs. No Reward .2773
* Significant beyond the 1% level of confidence
** Differences between means of .4761 and .3526 required for 
significance at the 1% and 5% levels respectively.
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APPENDIX F
Means, Variances, and Standard Deviation of Time Talking Measures (Seconds)
Period
Reward Series Post Reward Series Total Total
I II III IV V VI VII VIII IX X I-V VI-X
Full Reward Groups
Mean 86.4 75.0 61.4 56.7 47.7 53.4 5C.1 46.C 45.5 42.3 327.2 237.3
Variance 1709.24 1617.4C 373.84 310.21 218.61 1090.84 456.09 442.00 445.65 344.81 5152.56 5855.61
Standard
Deviation 41.34 40.22 19.33 17.61 14.79 33.C3 21.35 21.C2 21.11 18.57 71.78 76.56
Partial Reward Groups
Mean 80.8 64.5 64.7 54.2 64.8 42.5 43.1 46.C 53.4 37.9 329.0 222.9
Variance 1518.56 39C.45 1817.Cl 355.16 597.36 587.85 311.89 240.60 478.24 116.69 6753.80 3261.69
Standard
Deviation 38.97 19.76 42.63 19.88 24.44 26.22 17.66 15.51 21.87 1C.8C 82.18 57.11
No Reward Groups
Mean 87.0 68.9 58.7 54.5 41.7 48.5 44.2 40.2 33.7 30.6 310.8 197.4
Variance 1515.40 839.89 677.01 454.25 776.41 515.85 492.16 364.16 329.81 214.56 12256.16 5783.44
Standard
Deviation 38.93 28.98 26.02 21.31 27.86 22.71 22.19 19.60 18.16 14.64 l'C.71 76.05
APPENDIX G
Analyses of Variance and "tu Tests Among the Logged Means
of the Time Talking Measure (Seconds)
First Five
Source 
% Reward
Between Groups in Same Treatment 
Total Between Groups
Reward Periods 
Periods x% Reward 
Pooled Groups x Periods 
Total Within Groups
Trials
Mean
df Square F
2 .0326 -----
27 .1015
29
4 .1910 5.34*
8 .0263 -----
108 .0358
120
Last Five Trials
7. Reward 2 .1052 -----
Between Groups in Same Treatment 27 .1164
Total Between Groups 29
Post Reward Periods 4 .0444 1.39
Periods x% Reward 8 .0360 1.13
Pooled Groups x Periods 108 .0319
Total Within Groups 120
Trials I-V and VI-!
%  Reward
Between Groups in Same Treatment 
Total Between Groups
Reward vs. Post Series 
Series x% Reward 
Pooled Groups x Series
Total Within Groups
Combined
2 .0296 -----
27 .0301
29
1 .4373 29.63*
2 .0017 -----
27 .0148
30
Trials IX and X  Combined Difference**
Partial vs. Full Reward .0482
Partial vs. No Reward .3459**
Full vs. No Reward .2977
* Significant beyond the 1% level of confidence
** Significant beyond the 5% level of confidence (mean differ­
ences of .4228 and .3131 required for significance at the 
.1% and 5% levels, respectively)
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